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@ Dihydropyridine anti-isehaeinicand antihypertensive agents. 
@ 1 /(-Dihydropyridine derivatives of ttte fortrula:- 




COOR' 



«=«2-°-^"2>n-<. 



wherein R is aryl or heteroaryl; R^ and R^ are each C1-C4 alkyl 
or 2-metho3cyethyl; n is 2, 3 or 4; R^ is C1-C4 aUcyl. 
CH2C02(Ci-C4 all^) or CH3CN; and R* Is a group of the 
formula COR*, CSR^, C(=NR»)R' or SO2R*. wherein R^ is 
CrC4 alkyl, NH,, NH(C,-C4 alkyl)* NHlCa-Ce cycloalkyi), UiC^- 
C4 alkyi)2, NHCH2C02(C,-C4 alkyl), NHCHzCONHa, 
NHCH2CO2H, NH(CH2)2NH2, NHNH,, NHNHC02(Ci-C4 alkyl), 
NH-aryl, NHCO-aryl or a heterocyclic, NH-heterocyclic or 
NHCO-heterocyclie group, or when R^ is C(»0)R^ R^ may be 
H or CFa; R" is H, CN, COaCd-C^ alkyl), CO(Ci-C4 alkyl), 
S02(Ci^4 alkyl), SOi-aryl, SO2NH2, S02N(CrC4 alkyl),, NO2 
or aryl; and R^ is NHj, NH{C,-C4 alkyl), NHCO{C,-C4 alkyl), 
NH(CH2)mN(Ci-C4 alkyi)2 wherein m is 2 to 4 or a NH- 



heterocyclic group; and their pharmaceuttcally acceptable 
acid addition salts, and p harmaceutical preparation contain- 
ing such compounds, have utility as anti-ischaemic and 
antihypertensive agents. 
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This invention relates to certain dihydropyridines , 
specifically to certain 1,4-dihydropyridines having a nitrogen 
containing group in a side chain attached to the 2-position, which 
have utility as anti-ischaemic and antihypertensive agents, and to 
pharmaceutical preparations containing such compounds. 

The compounds of the invention reduce the movement of calcitm 
into the cell and they are thus able to delay or prevent the 
cardiac contracture which is believed to be caused by an 
accumulation of intracellular calcium under ischaemic conditions. 
Excessive calcium influx during ischaemia can have a number of 
additional adverse effects which would further compromise the 
ischaemic n^ocardium. These include less efficient use of oxygen 
for ATP production, activation, of mitochondrial fatty acid 
oxidation and possibly, promotion of cell necrosis. Thus the 
compounds are useful in the treatment or prevention of a variety 
of cardiac conditions, such as angina pectoris , cardiac 
arrythmias, heart attacks and cardiac hypertrophy. The compounds 
also have vasodilator activity since they can inhibit calcium 
influx in cells of vascular tissue and they are thus also useful 
as antihypertensive agents and for the treatment of coronary 
vasospasm. 

According to the invention, there are provided novel 
1,4-dihydropyridine derivatives of the formula: - 
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wherein R Is aryl or heteroaryl; 

and are each independently Cj^-C^ alkyl or 
2-metho3cyet:hyl; 
n Is 2. 3 or 4; 

R^ is H, Cj^-C^ alkyl, CH^CO^ (C j^-C^ alkyl) or CH^CN; 
and R* is a group of the formula: 



X 



or -SO^-R 



lO 



15 



20 



wherein X is 0 or S; 

R^ is Cj^-C^ alkyl, NH^, OT(C^-C^ alkyl), ^(03-0^ 
cydoalkyl). N(C^-C^ alkyl) ^, NHCH^CO^CC^-C^ alkyl), 
NHCH^COOT^' NHCH^CO^H, NHCCH^D^NH^s NH^, 
NHNHCO^(C^-C^ alkyl), SH-aryl, KHCO-aryl, or a 
heterocyclic, OT-heterocydic or NHCO-heterocydic group 

or when R^ is C(=0)R^, R^ may be H or Cr3; 

R^ is H, CN, CO^(C^-C^ alkyl), COCC^^-C^ alkyl), 

SO^CC^^-C^ alkyl), SO^-aryl, SO^NH^, SC^NCCj^-C^ alkyl)^, 

NO^ or aryl; 

and R^ is OT^, NH(C^-C^ alkyl), NHCO(Cj^-C^ alkyl), 

^^^2^10^ "^4 ^^^^2 '^^^^^^^ m is 2 to 4 or 
a NH-heterocyclic group; 
and their phannaceutically acceptable acid addition salts. 
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The compounds of the formula (I) containing one or more 
asymmetric centres will exist as one or more pairs of enantiomers, 
and such pairs or individual Isomers may be separable by physical 
methods, e.g. by fractional crystallisation of the free bases or 
5 suitable salts or chromatography of the free bases. The invention 

includes the separated pairs as well as mixtures thereof, as 
racemic mixtures or as separated d- and 1— optically-active 
isomeric forms. 

The pharmaceutically acceptable acid addition salts of the 
lO compounds of the formula (I) are those formed from adds which 

form non— toxic acid addition salts, for example the hydrochloride, 
hydrobromide, sulphate or bisulphate, phosphate or acid phosphate, 
acetate, citrate, f umarate , gluconate, lactate, maleate, succinate 
and tartrate salts. 
15 The term "aryl" as used in this specification, includes 

phenyl and phenyl substituted by one or two substituents selected 
from nltro, halo, C^-C^ alkyl, C^-C^ alkoxy, hydroxy, 
trif luoromerhyl, and cyanc. It also Includes 1- and 2-naphthyl* 
The term "heteroaryl" as used in this specification means an 
20 aromatic heterocyclic group which may optionally be substituted 

and Includes, for example, benzofuranyl; benzothienyl; pyrldyl 
optionally monosubstltuted by methyl, thiomethyl, halo or cyano; 
qulnolyl; benzoxazolyl; benzthiazolyl; furyl; pyrimidinyl; 
thiazolyl; 2,l,3-ben2oxadia2ol-4-yl; 2 , l,3-ben2thiadiazol-4-yl; * 
25 and thienyl optionally monosubstltuted by halo or C.-C, alkyl. 
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The term "heterocyclic group" used 1^ connection with TL^ and 
r7 „eans a 5 or 6 membered nitrogen, oxygen, or sulphur containing 
heterocyclic group which may he saturated or unsaturated and vhich 
^y optionally include a further one or t«o nitrogen atoms In the 
ring and which may optionally be henzofused or substituted with 
for example, halo, C^-C^ alkyl, hydros, acetamido. carbamoyl oxo 
or NR^R^"^ groups where and R^"^ are each independently H. 
Cj^-C^ alkyl or Cg-Cg cycloallcyl or. together with the nitrogen 
atom to which they are attached, they form a 5 or 6 membered 
saturated heterocyclic ring optionally contai^ng a further oxygen 
atom or KH or K(C,-C^ aUcyl) group. Particularly suitable 
examples include pyridyl. pyrazinyl. hydroxypyridyl. dihydroxy- 
pyrimidinyl. piperidinyl. piperazinyl. A-methyl-l-piperazinyl. 
^orpholinyl. l-imidazolidln-2-one. 2-furyl. thienyl. thiazolyl and 
quinolyl* 

"Halo" means fluoro, chloro, bromo or iodo. 

Alkyl and alkoxy groups having 3 or more carbon atoms can be 
Straight or branched chain. 

R is preferably Z-chlorophenyl or 2.3-dichlorophenyl. R^ and 
r2 are preferably CH3 or C^E,, especially when R^ is CH3 and R^ is 
C2H3. n is preferably 2. R^ is preferably H or CH3.- 

Pref erred groups for R* are COR^ where R^ is H. NHCH3. 
HHCH^COHH^ or 2-pyridon-5-yl; CSR^ where R^ is KH^; C(=»R )R 
where R^ is CN and r' is KHCH3; and SO^R^ where R^ is KH^. NHCH3. 
HE cyclopentyl. 2-thienyl. 8-quinolyl. or 
2-(4-methylpiperazin-l-yl)pyrid-5-yl. 
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The compounds of the fonmila (I) are prepared by a number of 
different processes according to the invention as follows: 



4 

(a) The ureas and thioureas of fonmila (I) wherein R is 
-C(«X)R^, X is 0 or S and R^ is NH(C^-C^ alkyl), 1IE(C3-Cg 

cycloallcyl) , NHCH^CO^ (C^^-C^ alkyl) , NH-aryl, NHCO-aryl, or a 
UH-heterocyclic or ^CO-heterocyclic group are prepared from an 
amine of the formula: 




(II) 



12 3 

wherein R, R » R » R and n are as previously defined by reacting 
10 with potassium cyanate or with an isocyanate or isothiocyanate of 

the formula: 



R^NCX (III) 



Q 

Wherein X is O or S and R is C^-C^ lower alkyl, C^-C^ cydoalkyl, 
CH^C02(C^-C^ allcyl), aryl, CO-aryl, or a heterocyclic or 
15 CO-heterocyclic group, respectively. 

The reaction is simply performed by stirring the reactants 
together in a reaction-inert organic solvent at room temperature 
for several hours. 

<• 
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Compounds of the formula I wherein is -C(=X)R^ and is 
WHCHjCOlilH^ or NHCH^COjH are readily prepared from the compound 
vherein R^ is UHCE^CO^ (C^^-C^ alkyl) by reacting with concentrated 
f»nm/.Ti-y«tn hydroxide to yield the corresponding amides or by 
hydrolysing, for example with dilute sodium hydroxide, to yield 
the corresponding acids. 

The urea derivatives' wherein R^ is C(»X)R^, X is O and R^ is 
are prepared in a similar manner to that described above from 
the amine (II) but using potassium cyanate. 

4 5 5. 

(b) The thiourea derivatives wherein R is -C(=S)R and R is 

lilH^, NHCCj^-C^ alkyl). TSlHCCg-Cg cycloalkyl) or ia(C^-C^ alkyl)^ are 

prepared by first reacting the amines of formula (II) with 

thiophosgene and reacting the resulting isothiocyanate 

intermediates with ammonia or with a (C^-C^) alkylamine . i^^^^B^" 

cydoalkylamine or (di-C^-C^) alkylamine respectively. 

The reaction of the amine (II) and thiophosgene is 

conveniently performed by adding thiophosgene to a stirred 

solution of the amine in a mixture of water and methylene chloride 

in the presence of powdered calcium carbonate. After several 

hours at room temperature the organic layer containing the 

isothiocyanate intermediate is separared and the product isolated. 

This is then heated with ethanollc ammonia solution or with the 

appropriate amine to yield the thiourea product. 
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(c) In an alternative process, urea derivatives of formula (I) 
wherein is C(=X)R^, X is 0 and is NHCH^CONH^, NHCH2CE2NH2, 
lIH-heterocycllc , NHNH^ or are prepared from an amine 

of fonmila (II) by first reacting with N,N^-carbonyldllmidazole 
and reacting the resulting Imldazolylcarbonyl derivative with an 
amine or hydrazine derivative of fonnula NH^CH^CONH^, 

IJHjCHjCHjNH^ , NHj^^^^^^^^y*^^^^* NHjNH^ or NH2NHCO2CH2CH2 » 
respectively. 



(d) The amides of formula (I) wherein R* is C(==X)R^, X is 0 and 
R^ is H, Cr^, ^l"^4 ^^^^» ^ heterocyclic group are also 

prepared from the amines of formula (II) by reacting with an acid 
9 

of formula R CO^H, or with an anhydride, acid chloride or 

9 

activated derivative thereof, wherein R is H, CF^, C^^-C^ alkyl or 

a heterocyclic group respectively. 

5 4 

Thus, compounds wherein R is H (R is formyl) are prepared 
by a conventional formylation reaction, for example, using a 
mixture of formic acid and acetic anhydride. Compounds wherein R^ 
is CFj or C^-C^ alkyl are similarly conveniently prepared using 
the appropriate acid anhydride in pyridine. The compounds wherein 
R^ is a heterocyclic group are rather more conveniently prepared 
from the appropriate carboxy-substituted heterocyclic group by a 
coupling reaction, for example using a diimide condensing reagent 
such as 1— (3-dimethylaminopropyl)-3-ethylcarbodiimide. 
Alternatively, in appropriate cases (for example when the 
heterocyclic group is a 1-piperidyl or 1-piperazinyl group) the 
heterocyclic group is initially reacted with phosgene to provide 
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tbe U-COCl intermediate which is thea reacted with the amine of 
formula II. AU these reactions are quite conventional and 
conditions for their performance will be well known to those 
sfcLlled in the art as will other possibilities and variations. 

(e) Compounds of the formula (I) wherein is -C(-N-R^)r' are 
again prepared from the amines of formula CH) by reacting with a 
compound of the formula: 



CH3S-C- — CIV) 

\r" 



wherein R^ is as previously defined and R^° is SCH3, NHj, or 
SHCOCC^-C^ alkyl) and, in the case where R^° is SCH3. reacting the 
product with a C^^-C^ alkylamlne, dialkylamino-alkylamine. or 
heterocyclic amine. 

The reaction between the amine (II) and tbe compound of 
formula (IV) is generally performed by heating the reactants 
together, in more or less eqnimolar proportions,, in a reaction- 
inert organic solvent. A period of several hours heating under 
reflux in ethanol is generally found to be sufficient and the 
product is then simply isolated by removal of the solvent and 
purified by conventional procedures. 

In the case where R* is H and R^° is NEj the compound of 
formula (IV) is S-methyl-isothiourea which is conveniently reacted 
as its sulphate to provide the unsubstituted guanidines of formula 
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4 

(I) wherein R is CC-NH)!^^. This can he further reacted with a 

sulphonyl halide to give the compounds where is S02(C^-C^ 

alkyl) or S02-aryl. 

In the case where R^^ is SCH^ the resulting methylisothiourea 

is further reacted with an appropriate amine, usually by adding 

the reactants to ethanol at room temperature, typically for an 

overnight period, and' the product is isolated by evaporation of 

the solvent and purified by conventional methods, e.g. by 

crystallisation. The methylisothiourea intermediate may also be 

3 

generated from the thiourea of formula (I) (where R is H and 
4 

R is C(«S)KH2) by reacting with methyl iodide. The resulting 
5-methylisothiouronium salt may then be reacted with the amine 
component as before. 



4 5 

(f ) Compounds of the formula (I) wherein R is SO2-R are again 
also prepared from the amines of formula (II) by reacting with 
sulphamide, or a sulphonyl chloride of the formula: 



CISO^R^"^ (V) 



wherein R^^ is C^-C^ lower alkyl, NH(C^-C^ alkyl) , 13H(C^-C^ 
cydoaltyl) , N(C^-C^ alkyl) NE-aryl, NHCX)-aryl or a 
heterocyclic, NH heterocyclic or NHCO-heterocydic group. 

The reaction with sulphamide is typically achieved by heating 
the amine and sulphamide, in excess, under reflux in a 
reaction-inert organic solvent, e.g. dioxan. After a period of . 
one or two hours the product is isolated and purified in a 
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con^entional manner. The reaction with a sulphonyl chloride of 
formula (V) is again performed In a conventional manner by adding 
the sulphonyl chloride to the anine in an inert organic solvent, 
e.g. dichloromethane. in the presence of an organic base. e.g. 
triethylamlne. The reaction is generally complete after several 
hours at room temperature and the product is isolated and purified 
using conventional methods. 

Preparation of the starting amines of formula (II) is 
described in the specification to our European patent application 
no. 89167. The various reactants of formula III. IV, V and 
rSco^H. etc.. are generally known compounds, either commercially 
available or they may be prepared by conventional methods in 
accordance with literature precedents. . 

The ability of the compounds of the invention to Inhibit the 
cement of calcium into the cell is shown by their effectiveness 
±n reducing the response of isolated heart tissue to an Increase 
in calcium ion concentration in vitro- The test is performed by 
mounting spirally cut strips of rat aorta with one end fixed and 
the other attached to a force transducer. The tissue is lamcrsed 
±n. a bath of physiological saline solution containing potassium 
ions at a concentration of 45 milllmolar and no calcium. Calcium 
chloride is added to the bath with a pipette to give a final 
calcium ion concentration of 2 millimolar. The change in tension 
caused by the resulting contraction of the tissue is noted. The 
bath is drained and replaced with fresh saline solution, and. after 
A5 minutes the test is repeated with the particular compound 
mider test present in the saline solution. The concentration of 
compound required to reduce the response by 50Z is recorded. 

PLC 367 
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The antihypertensive activity of the compounds is also 
evaluated after oral administration by measuring the fall in blood 
pressure in sponuaneously hypertensive rats or renally 
hypertensive dogs. 

For administration to man in the curative or prophylactic 
treatment of cardiac conditions and hypertension, oral dosages of 
the compounds will generally be in the range of from 2-100 mg 
daily for an average adult patient (70 kg). Thus for a typical 
adult patient, individual tahlets or capsules contain from 1 to 10 
mg of active compound, in a suitable pharmaceutically acceptable 
vehicle or carrier. Dosages for intravenous administration would 
typically be within the range 1 to 10 mg per single dose as 
required. In practice the physician will determine the actual 
dosage which will be most suitable for an individual patient and 
it will vary with the age, weight and response of the particular 
patient. The above dosages are exemplary of the average case but 
there can, of course, be Individual instances where higher or 
lower dosage ranges are merited, and such are within the scope of 
this invention. 

For human use, the compounds of the formula (I) can be 
administered alone, but will generally be administered ,in 
admixture with a pharmaceutical carrier selected with regard to 
the intended route of administration and standard pharmaceutical 
practice. For example, they may be administered orally in the 
form of tablets containing such excipients as starch or lactose, 
or in capsules or ovules either alone or in admixture with 
excipients, or in the form of elixirs or suspensions containing 
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flavouring or colouring agents. They may be injected 
parenterals, for example, intravenously, intramiscularly or 
subcutaneously. For parenteral administration , they are best used 
m the form of a sterile aqueous solution which may contain other 
substances, for example, enough salts or glucose to make the 
solution isotonic with blood. 

Thus in a further aspect the invention provides a 
pharmaceutical composition comprising a compound of the formula 
(I), or a pharmaceutically acceptable acid addition salt thereof, 
together with a pharmaceutically acceptable diluent or carrier. 

The invention also provides a method of protecting the heart 
from the deleterious effects of ischaemia. which comprises 
administering an effective amount of a compound of the formula (I) 
or pharmaceutically acceptable acid addition salt thereof, or 
pharmaceutical composition as defined above. 

The invention also includes a method of treating hypertension 
which comprises administering an antihypertensive amount of a 
compound of the formula (I) or pharmaceutically acceptable acid 
addition salt thereof, or pharmaceutical composition as defined 
above. 

The following Examples illustrate the invention: . 
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EXAMPLE 1 

l»-<2- ^[4"(2--Chlorophenyl)"3«^t:ho3cycarbonyl«»5-inetho3cycarbonyl*6» 
me thy 1-1 . 4-dlhy dr opy ridiii«»2'>y 1 ] metho^cy ^ ethy l>-3"me thy Ittrea 

Methyl isocyanate (0*5 ml) was added to a solution of 
2- (2-amlnoetho:symethy 1) -4- (2-chloropheny 1) -3— ethoxy carbonyl-5— 
methoxycarbonyl-6-methyl-l,4-dihydropyridine (0.41 g) in 
dlchloromethane (50 ml) and the mixture stirred at room 
temperature for 2 hours and then evaporated. The residue was 
triturated with diethyl ether and the solid collected, washed with 
diethyl ether, and dried to give the title compound (0.40 g) » m«p. 
75-90**C decomp* Found: C,56.81; H,6.14; N.9.21. C^^^^CU^^O^ 
requires C,56.71; H,6.06; H,9.02%. 

EXAMPLES 2-9 

The following compounds were prepared by the method described 
in Example 1 from 2— (2-amiuoethoxymethyl)-4-(2-chlorophenyl or 
2 , 3-dichloropheny 1) -3- ethoxy carbonyl-5-methoxy carbonyl-6- 
methyl-l,4-dihydropyridille, or the appropriate substituted amine 
3 

where R is CH^ or CB^CO^CB^^ and the appropriate isocyanate. 




CH^O^C ^.^^'^^Xx-CO C2i CH 

3 2 ]1 i\ d d 3 ^ 

«3 ^N^°^2-°-<°*2>2-<^3 
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EXAMPLE 10 

l-<2- ^ [ A-(2-Chloropheiiyl) -3-ethoxycarbonyl-5"inetho3cycarboiiyl-6- 
methTl-1 > 4-dlhydropyrldin-2-y 1] methoxy^^ ethy 1>-1- (methoxy- 
carbony Ime thy 1) urea 

A solution of potassium cyanate (0.24 g) , methyl 2-<2-£[4- 
(2-chloropheuy l)-3-ethoxy carbony 1-5-methoxy carbony 1-6-methyl-l, 4- 
dihydropyrldin-2-yl]methoxy3' cthylaiixino>acetate (0.96 g) and 
acetic acid (0.36 g) in dioxane (10 ml) and water (10 ml) was 
stirred at room temperature for 70 minutes and then evaporated. 
The residue was partitioned between water and ethyl acetate and 
the organic layer separated, dried (Na^SO^) and evaporated. The 
residue was triturated xirith ethyl acetate and the resulting solid 
collected and dried to give the title compound (0.77 g), m.p. 
166-169*0. Found: C,54.65; H.5.78; N,8.13. C^^^jjClMgOjj 
requires C, 55-01; H,5-77; N,8.02Z. 



EXAMPLES 11-13 

The following compounds were prepared by the method described 

in Example 10 from potassium cyanate and the appropriate 

2-(2-aminoethoxymethyl)-l,4-dihydropyridine or the corresponding 

4 

substituted derivative of formula (I) wherein R is hydrogen and 

3 

R ±s as defined below. 
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c 



CH302C 



CH. 




CO2CH2CH2 



10 



Example 
No. 




r3 


m.p.CO 


Analysis Z 
(Theoretical In brackets) 
C H N 


11 


H 


H 


180-182 


55.57 5.79 9.20 
(55.81 5.76 9.30) 


12 


CI 


CH2CO2CH2 


176-178 


51.15 5.11 7.54 
(51.61 5.19 7.53) 


13 


H 


CH^CN 


190-191 


56.34 5.80 10.99 
(56.27 5.50 11.42) 

1 

i 



EXAMPLE 14 

3-(CarbamoylmethYl)-l -<2-£r4-(2-chlorophenvl)-3-ethoxv- 
carbonyl-5-methoxv carbonvl-6-methvl-l . 4-dlhydrot>vridln-2-vn - 
nethoxy^ ethvl>-l-methylurea 

l-<2-^ [4-(2-Chlorophenyl)-3-ethoxycarbonyl-5-methoxy- 
carbony l-e-methyl-l . 4-dihydropyr±dln-2-y 1] methoxy^ ethyl>-3- 
ethoxycarbonylaethyl-l-inethylurea (0.44 g) was stirred in a 
Biiatture of ethanol (15 ml) and concentrated annDonium hydroxide (10 
al) for 24 hours and then evaporated. The residue was partitioned 
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between chloroform and water aaid the organic layer dried (Ba^SO^) 
and evaporated. The residue was triturated with diethyl 
ether/ethyl acetate and the resulting solid was collected, washed 
with diethyl ether, and dried to give the title conipound (0.23 g) . 
m.p. 142-143-C. Pound: C,54.85; H.5.97; N,10.58. C^^Hjj^ClU^O, 
requires C,55.12; H,5.97; N, 10.712. 

EXAHFLE 15 

3-CarT>oxyTDethvl-l-<2- ^r4-C2-chlo rophenYl)-3-ethorycarhonyl-5- 
aethoxYcarbonvl-6-Tiiethyl-1.4-dihyd rCT>Yridin-2-yninethoxv2^ethyl>- 

l-methylurea 

HI Aqueous sodium hydroxide solution C2 ml) was added 
dropwise over 5 minutes to a stirred, ice-cooled solution of 
1_<2- ^ (4-(2-chlorophenyl)-3-ethoxycarbonyl-5-methoxycarbonyl-6- 
methyl-l,4-dihydropyridtn-2-yl]methoxy^ ethyl>-3-ethoxycarbQnyl- 
methyl-l-methylurea (0.44 g) in dioxane (20 ml). The mixture was 
stirred at room temperature for 4 hours and then evaporated. The 
residue was dissolved in water, washed with diethyl ether, 
acidified with 2M hydrochloric acid, and extracted into 
chloroform. Ta& chloroform layer was dried (MgSO^) and 
evaporated. The residue was triturated with diethyl .ether/ethyl 
acetate and the resulting solid was collected, washed with diethyl 
ether, and dried to give the title compound (0.10 g) as a gum. 
Found: C.54.76; H,5.77; N.8.14. C^^HgQClUgOg requires C,55.01; 
H,5.79; H,8.02Z. 
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EXAMPLE 16 

A« Preparation of 2-(4-aininobutoxy)methyl-4-(2-chlorophenyl)-3- 
ethoscycarbony l-S-methoxycarbony 1-1 , 4-dlhy dropy rldlne 

A solution of 4-azldobutanol (6.8 g) in tetrahydrofuran (100 
ml) was added dropvise over 30 minutes to a suspension of sodium 
hydride (5.4 g; 60% dispersion in oil) in tetrahydrofuran (100 
ml) • The mixture was stirred at room temperature for 30 minutes 
and then treated with a solution of ethyl 4-*chloroacetoacetate 
(9-7 g) in tetrahydrofuran (150 ml) dropwise over 30 minutes. The 
miicture was stirred at room temperature for 16 hours, poured into 
water and the pE adjusted to 3-4 with 2M hydrochloric acid. The 
aqueous solution was extracted with ethyl acetate (3 x 200 ml) and 
the organic layer was dried (MgSO^) and evaporated to give an oil 
which was taken up in acetonitrile and washed with petrol. The 
solvent was evaporated to dryness and the residue was 
chromatographed on silica eluting with a mixture of petrol and 
methylene chloride. Fractions containing the product were 
evaporated to give ethyl 4-(4-azidobutoxy)acetoacetate as a yellow 
oil (4.5 g). Methyl 3-aminocrotonate (2.2 g) and 
2-chlorobenzaldehyde (2.7 g) in methanol (50 ml) were added and 
the mixture was heated under reflux for 5 hours and then 
evaporated. The residue was chromatographed on silica eluting 
with a mixture of petrol and ethyl acetate to give 
2- (4-azidobutoxy ) methyl-4- (2-chloropheny 1) - 3-ethoxy carbonyl-5- 
methoxycarbonyl-6-methyl-l,4-dihydropyridine (5.9 g) as a yellow 
oil. The product was taken up in methanol (70 ml) and stirred at 
room temperature for 16 hours under 1 atmosphere of hydrogen in 
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the preseace of 52 palladium on calciom carbonate catalyst (2.0 
g). The reaction mlacture was filtered and concentrated. The 
residue was treated with a solution of fumaric acid (1.0 g) ia 
methanol. The resulting precipitate was collected, treated with 
2H ammonium hydroxide and extracted with methylene chloride (2 x 
25 ml). The organic layer was washed with water, dried (MgSO^) , 
filtered and evaporated to give 2-(4-ami^hutoxy)methyl-4-(2- 
chlorophenyl)-3-ethoxycarbonyl-5-methoxycarhonyl-6-methyl-l.A- 

dlhydropyridine (2.2 g) as a yellow oil. The product was used in 
the next stage without further purification. 

B. 4-<2-ChlorophenYl)-3-ei:hoxvcarbony l-5-methoxycaibonyl-6- 
methyl-2-(4-[T!l-^nethTlcarhamoyl] aminobutoxym ethyl) -1 , 4- 

dlhydropyridlne, hemi-hydrate 

Methyl isocyanate (0.25 ml) was added to a solution of 

2-(A-amlnobutoxy)methyl-4-(2-chlorophenyl)-3-ethoxycarbonyl- 5- 

methoxycarbonyl-6-methyl-l,4-dihydropyridine (0.1 g) in dry 
methylene diloride (5 ml) and the mixture stirred at room 
temperature for 14 hours. The solvent was evaporated and the 
residue was chromatographed on silica eluting with methylene 
chloride containing 5% methanol by volume. Fractions containing 
the product were coniined and evaporated to give an oil which 
crystallised when triturated with diethyl ether to afford the 
title compound (0.05 g) . m.p. 126-126.5»C. Found: C.57.4; H.6.6; 
N,8.5. C^^H^jClN^Og.O.SHjO requires C,57.3; H.6.4; U.S. 352. 
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EXAMPLE 17 

4- (2-Chloropheny 1) -3-ethoxy carbony 1-5-methoxy carbonyl-6-methyl- 
2- [ 2- ( thioureido) ethoxymethy 1] -1 , 4-dlhydropyr Idlne 

(A) Thiophosgene (0.9 ml) was added to a stirred mixture of 
2- (2-aBiiiioethoxyinethy 1) -4- (2-chlorophenyl) -S-ethoxycarbonyl-S- 
methoxycarbonyl-e-methyl-l.A-diliydropyridine (4.08 g) and powdered 
CaCOg (3 g) in methylene chloride (25 ml) and water (35 ml) . The 
mixture was stirred overnight at room temperature, filtered and 
partitioned between 2M hydrochloric acid and methylene chloride. 
The organic layer was washed with water, dried (Na^CO^), filtered 
and evaporated to give the isothiocyanate intermediate as a solid 
which was used directly for the next stage of the reaction without 
further purification. 

(B) The isothiocyanate (4 g) was heated in ethanolic ammonia 
solution for 2h hours. The precipitate was filtered and 
recrystallised from a mixture of ethanol and methylene chloride 
(5:1) to give the title compound, m.p. 203.5-204.5*0. Found: 
C,53.3; H,5.5; N,8.6. C2^S2^C1N303S requires C,53.8; H,5.6; 
N,8.9%. 



EXAMPLE 18 

4-(2-Chlorophenyl) -3-ethoxycarbonyl-5-methoxycarbonyl-6->methyl- 
2- [ (2-K-methylthic ureido) ethoxymethyl] -1 , 4-dihy dropyridine was 
prepared by the method described in Example 17 (B) but ref Itjxing 
the isothiocyanate in ethanolic methylamine solution for 2 hours, 
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The product solidified on trituration with diethyl ether, m.p. 
138-140-C. Found: C.54.24; H.5.79; H,8.72. C^z^zS^^S^S^ 
requires C,54.82; H.5.86; H,8.72%- 

T^um.v. 19 

A-f2.3-DichloroT>henTl) - 3-ethc«ycarhoirrl-5-metho3cycarhonyl-6- 
nethyl-2- [ 2-( thiour^do) ethoCTmethY ll -1 . 4-dihydropyridine 

The title compound was prepared as described In Example 17 
but starting with the corresponding 4-(2,3-dichlorophenyl)- 

1.4-dlhydropyridine derivative, m.p. 198-C. Found: C.50.28; 

H.5.07; H.8.72. 021^^012^3058 requires C.50.20; H.5.02; N,8,30%. 

EXAMPLE 20 

3-fCarbamoytoethvl^-l-<2- ^r4-(2-chlorophenyl)-3-ethoKycarbonyl- 
5-methoyycaxbonvl-6-inet:hvl-1.4-dihy dropvridin-2-ynn.ethax^ 

ethyl>uTea 

A mixture of 2- [^2-[ (l-i^nidazolylcarbonyl)amlllo]eth«c^- 
methyl-4-(2-chlorophenyl)-3-ethoxycarbonyl-5-methoxycarbonyl-6- 

iiietliyl-l,4-dlhydropyridine (0.98 g) (prepared from the 
2-(2-aminoethoxymethyl)dihydropyridine derivative and 
N.N'-carhonyldiimidazole), glycinamide hydrochloride (0.22 g) and 
N-methyHnorpholine (0.44 g) in acetonitrile (10 ml) was stirred at 
room temperature for 22 hours and then evaporated to dryness. The 
residue was chromatographed on silica eluting with hesane 
containing 30% by volume of dichloromethane, followed by 
dlchloromethane containing from 0 to IZ by volume of methanol. 
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Appropriate fractions were combined and evaporated to give the 
title compotind (0.25 g). m.p. 114-116''C. Found: C,53.95; 
E,5.85; N.10.80. C^jHjgClN^O^ requires C,54.28; H,5.70; N, 11.01%. 

EXAMPLES 21-24 

5 The following coinpounds were prepared by the method described 

in Example 20 from 2-^ 2-[ (1— i mi dazolylcarbonyl) amino] ethox^^ 
methy 1-4- ( 2— cblor opheny 1) — 3-ethoxy carbony 1-5-me thoxy carbony 1-6- 
methyl-1,4— dlhydropyridine and the appropriate amine- or 
hydrazine. 




NSOOCID: <EP ^01 19050A2_I_> 
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5 



Example 
No. 


r5 


m.p.('C) 


Analysis % 
(Theoretical in brackets) 
C H H 




21 




90 
(deconp) 


52.35 6.31 9.10 
(52.30 5.81 9.04) 


22 


H 


140-143 


53.54 5.04 11.84 
(53.24 5.32 12.42) 


23 


ISHNH2 


144-146 


54.02 6.04 11-63 
(54.02 5.82 12.00) 


24 


NHNHCO^CH^CHg 

1 


158-160 


53.05 5.87 10.65 
(53-48 5.80 10.40: 


1 



EXAtlPLE 25 

4-(2-ChlorophenYl)"3-e^hoxycarbonyl-5-met:faoxycarb onYl-^-"methyl- 
2-r2-(3"pyr±dylcarbonylamino)ethoxvinet:hyll-1 .4-dlhydropyrl 

1- O-Dimethylamlnopropy 1) -S-ethylcarbodiimide hydrochloride 
(0.42 g) was added to an ice-cooled solution of 2-C2-amino- 
ethoxymcth7l)-4-(2-chlorophenyl)-3-ethoxycarbonyl-5-iiiethpxy- 

carbonyl-6-metbyl-l,4-dihydropyridine (0.41 g) , nicotinic acid 
(0.14 g) and l-hydroxybenzotriazole hydrate (0.17 g) in 
dichloromethane (40 ml) . The mixture was stirred with ice-cooling 
15 for 15 minutes, treated with N-methylmorpholine (0.61 g) and 

stirred at room temperature for 16 hours. The solution was then 
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diluted with dlchloromethane, washed successively with water, 2N 
hydrochloric add, water, 102 aqueous sodium carbonate solution, 
and water, dried (KajSO^) and evaporated. The residue was 
chromatographed on silica (t.l.e. grade, Merck Kleselgel 60H 
(Trade Mark) 8g) elutlng with dlchlorooethane plus 0-5% methanol. 
Appropriate fractions were combined and evaporated. The residue 
was triturated with diethyl ether and the resulting solid 
collected,' washed with diethyl ether and dried to give the title 
compound (0.29 g), m.p. 81-84'C. Pound: C.61.01; H,5.48; N,8.23. 
S6^28^^3°6 '^eq^ires C,60.76; H,5.A9; N,8.18%. 

EXAMPLES 26-29 

The following compounds were prepared by the method described 
in Exainple 25 from 2-(2-aminoethoxymethyl) or 2-(2-methylamino- 
ethoxymethyl) -4- (2-chlorophenyl) -3-ethoacy carbonyl-5-metho3cy- 
carbonyl-6-methyl-l,A-dihydropyrldlne and the appropriate carbo?cy ' 
substituted heterocyclic compound. 
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EXAMPLE 30 

4-(2 .3-Dlchlorophen yl)-3-etho3cycarbonTl-2-[ (N-f onnyl) amlno- 
ethoxy methyfl-5-methoxycarbonyl-6-inethyl-l ,4-dlhydropyrldine 

Formic acetic anhydride (15 ml; prepared by heating a mixture 
of formic acid (5 ml) and acetic anhydride (10 ml) at 50-60"C for 
1 hour) was added over 10 minutes to a stirred, ice-cooled 
solution of 2-(2-aminoethoxymethyl)-4-(2.3-dichlorophenyl)-3- 
ethoacy carbony 1-5-methoxy carbony 1-6-methyl-l . 4-dihy dropyridine (4 . 4 
g) in tetrahydrofuran (30 ml) . The mixture was stirred at room 
temperature for 1.5 hours and then evaporated. The residue was 
dissolved in dichloromethane and the solution washed with 10% 
aqueous sodium carbonate solution, dried (Na^SO^) . and evaporated. 
The residual solid was collected, washed with diethyl ether and 
dried to give the title compound as a hemihydrate (4.0 g) , m.p. 
178-18rc. Found: C,52.69; H,5.05; 11,6.06. C^j_^2^C1^^2%-^'^^^ 
requires C, 52.51; H,5.25; N,5.83%. 



EXAMPLES 31-33 

The following examples were prepared by the method described 
in Example 30 from the corresponding 4-(2-chlorophenyl)-l,4- 
20 dihydropyridine derivative using fonoic/acetic anhydride, acetic 

anhydride or trifluoroacetic anhydride respectively: 




0 

5 



CH2-0-(CH2)2-NHC-R 
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Example 
Ko. 


r5 


m.p. CC) 


Analysis Z 
(Theoretical in brackets) 
C E N 


31 


H 


164-166 


56.51 5.82 6.04 
(56.57 5.88 6.29) 

This compound Is a 
hemihydxate 


32 




97-99 


59.00 6.16 6.24 
(58.60 6.04 6.21) 


33 




141-143 


52.41 4.83 5.50 
(52.33 4.79 5.56) 



EXAMgLE 34 

4-(2-ChloroT»henvl)-3-et:ho3cycarbony l-5-methoxyearbonyl-6-methyl- 
2-r2-(4-methvlplperazln'vlcarbony^ ''"<^"'>^tbQXTmethYl1-1.4-dihydro- 

PYridine 

A solution of N-methylpiperazine in toluene (5 ml) and 
trietbylamine (1 ml) was added dropwise to a 12.5Z (by weight) 
solution of phosgene in toluene (7.5 ml) at -SO'C. The solution 
was allowed to warm to room temperature over 1.5 hours and then 
purged with nitrogen to remove excess phosgene. 2-(2-Amino- 
ethoxymethyl)-4-(2-chlorophenyl)-3-ethoxycarbonyl-5-methoxy- 

cafbonyl-6-methyl-1.4-dihydropyndine was then added and the 
Bdxture allowed to stir at room temperature for 17 hours. After 
evaporation to dryness, the resultant oil was partitioned between 
5Z aqueous sodium carbonate and diethyl ether. The combined 
organic liquors were dried (MgSO^) , filtered and evaporated to 
give 0.7 g of a colourless oil. This oil was chromatographed on 
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Kieselgel 60 (Trade Mark) (3 g), eluting with ethyl acetate to 
give 0.2 g of a white solid. Crystallisation from ethyl acetate 
afforded the pure title compound (0.13 g) , m.p. 78-80*C. Found: 
C,58.36; H,6.59; N,10.47%. CjgH^gClN^Og requires C.58.35; H.6.64 
N.10.41Z. 

EXAMPLE 35 

4-(2-(nilorophenyl) -3-ethoxy carbony 1-2- [ 2- (lmidazolidin-2-on-l- 
ylcarbonylamino) ethoxymethy 1] "5-methoxvcarbonyl-6-methyl-l > 4- 
dihydropyridlne 

To a solution of 2-(2-aininocthoxymethyl)-4-(2-chloro- 
pheny 1) -3-ethoxy carbony 1-5-methoxy carbony 1-6-methy 1-1 , 4- 
dihydropyridlne (1.0 g) in a mixture of chloroform (dried over 
alumina) (20 ml) and triethylamine (2 ml) was added 
imldazolidln-2-on-l-yl carbonyl chloride (0.36 g) in one portion 
and the mlxtiire stirred at room temperature for 18 hours. After 
evaporation to dryness, the resultant oil was partitioned between 
5Z aqueous sodium carbonate and methylene chloride. The combined 
organic liquors were dried (HgSO^), filtered and evaporated to 
give 0.7 g of a yellow oil which crystallised from diisopropyl 
ether on standing to give pure title compound, (0.4 g) , m.p. 
145-C- Found: C.54.94; H,5.62; N.10.62. C^^H^gClN^O^ requires 
C,55.33; H,5,61; N,10.76Z. 
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EXAMPLE 36 

3_<2-^i:4-(2-Chlorophenvl-3-ethoxycarbo nvl-5-methoxvcarbonyl-6- 
machvl-1.4-dlhydroi>vrldlp--2- vl1inethoxvjethyl>--2--cyaiio-l-^aethyl- 

pian±dlne 

5 (A) A solution of 2-(2-ainliioet:hoxyiiietliyl)-4-(2-chloropQeiiyl)-3- 

ethoxycaxbonyl-5-metlioxycarbonyl-6-iiethyl-l.A-dihydropyridliie 
(0.82 g) and d±(iiiethyltli±o)met:hylidinoiiii±nonitr±le (0.29 g) in 
ethanol (50 ml) was heated under reflux for 2 hours and then 
evaporated. The residue was triturated with diethyl ether and the 

.O resulting solid collected, washed with ether, and dried to give 

1_<2_ ^ (4-.(2-chloroph6nyl)-3-^thoxycarbonyl-5-Biethoxycarbonyl-6- 
inetliyl-1.4- dihydropyridin-2-yllmethoxy ^ ethyl>-3-cyano-2- 
methylisothiourea (0.96 g) . m.p. 177-179*C. Found: C,54.34; 
H.5.42; N.11.18. C^H^^ClK^OgS requires C.54.49; H.5.37; 

L5 N.ll.OSZ. 

(B) The product from (A) (0-40 g) in 33Z (by weight) ethanolic 
methylamine solution (10 ml) was stirred for 18 hours and then 
evaporated. The residue was recrystallised from ethanol to give 
the title compound (0.25 g) . m.p. ISS-WO'C. Found: .0,56.66; 
20 H.5.53; N.14.08. C^gH^gClH^Og requires C.56.38; H,5.76; N,14.29%. 



E3UMFLE 37 



2-Cyano-3-<2-^4-(2,3-dichlorophenyl)-3-ethoxycarbonyl-5- 
iaethoxycarbonyl-6-methyl-l,4-dihydropyridin-2-yl3mcthoxy^ethyl>- 
1-methylguanidine was prepared by the method described in Example 
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36B from 3-cyano-l-<2- ^[4-(2.3-dichlo^ophenyl)-3-ethoxyca^bonyl- 
5-methoxycarboIlyl-6-.methyl-l,4-dihydropyridiIl-2-yl]methoaq^— 
ethyl>-2-netljyli60thiourea. The product was obtained as a 
monohydrate which had m.p. 175"C. Found: C.50.62; H.5.12; 
N.12.81. C23H27CI2N3O3.H2O requires C,50.92; E.5.38; N.12.912. 

EXAMPLES 38 - 40 

The following compounds were prepared by the method described 

in Example 36(A) from 2-(2-aminoetho3cymethyl>-4-(2-chlorophenyl)- 

3-ethoxycarbonyl-5-methoxycarbonyl-6-methyl-1.4-dihydropyridiiie 
and the appropriate compound of formula (IV). 



CH^O^C 
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EXAMPLE 41 

l-<2- ^ [4-(2-Chlorophenyl) -3-ethoxycarbonyl-5-methoxy- 
carbony 1-6-methyl-l , 4-dlhy dropyridln-2-y 1] methoxy^ ethy l>-2- 
cyano-3-(2-d±iiiethylamino)ethylguanidine was prepared by the method 
described in Example 36(B) but using ethanolic N,N-dimethyl- 
ethylenediamine instead of ethanolic methylamine* The product had 
m.p. 202-204^C decomp. Found: C,56.67; E,6,51; N,15^58. 
SeSs^-'^eS "^I'^i^s C,57.08; H,6,45; N,15.36. 

EXAMPLE 42 

^"<2»3-Dichlorophenyl)-3-ethoxycarbonyl-5"methoyycarbonyl-6- 
methyl-2-^2-rii- (2-thiazolTl) guanidino] ethoxymethy l^-l . 4- 
dihydropyridine hydrate 

(A) 4- (2 , 3-Dichlorophenyl) -3-ethoxy carbony 1-5-methoxy- 
carbony l-6-methyl-2- [ 2- ( thioureido) e thoxyme thy 1 ] -1 , 4-dihydro- 
pyridine (4.2 g) was dissolved in a mixture of methanol (25 ml) 
and methylene chloride (25 ml) and stirred at room temperature. 
Methyl iodide (1.2 g) was added and the solution stirred for 40 
hours. After evaporation to dryness, trituration with diethyl 
ether gave the intermediate S-methylisothiouronium hydriodide as a 
solid which was used directly for the next stage of the reaction 
without further purification. 

(B) The S-methylisothiouronium hydriodide (3.3 g) and 
2-aminothiazole (0.64 g) were suspended in a mixture of n-butanol 
(25 ml) and triethylamine (3.3 g) and the mixture stirred at 
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reflux for 5 hours. After evaporation to dryness, the residual 
oil was partitioned between 5% aqueous sodium bicarbonate (50 ml) 
and methylene chloride (3 x 75 ml) . The combined organic extracts 
were dried (MgSO^) , filtered and evaporated to give a dark brown 
oil (4.2 g). The residual oil was chromatographed on silica 
elutlng with toluene containing an Increasing proportion of 
ethylacetate. The product was finally crystallised from toluene 
to give the title compound, m.p. 116-119"C. Found: C.49.21; 
H.4.67; N.12.15. C^^^iJ^^^S^S^'^^' requires C.49.15; E,4.98; 
N,11.94%. 

EXAMPLE 43 

4-(2.3-DichlorophenYl)-3-ethoxycar bonTl-2-[2-(suanidino)ethoxy- 
methyl]-5-methoxycarbonTl-6^e thvl-l,4-dihvdropTridine 

2-(2-Aninoethoxymethyl)-4-(2.3-dichlorophenyl)-3-ethoxy- 
carbonyl-5-methoxycarbonyl-6-methyl-1.4-dihydropyridine (5.0 g) 
and S-methylisothiourea sulphate (3.65 g) was suspended in 
n-propanol (120 ml) and triethylamine (30 ml) and refluxed for 17 
hours. After evaporation to dryness, the residual oil was 
partitioned between aqueous sodium bicarbonate and methylene 
chloride. The organic layer was dried (MgSO^) , filtered and 
evaporated. The resultant beige solid was triturated with hexane 
to give the title compound (4.1 g). N.M.R. (CDCl3,60 MHz): 3H 
1.15(t), 3H 3.55(s), 4H 3.7(m). 2H 4.0(q). 2H 4.7 (s). IH 5.45(s). 
8H 7.25(m). 
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.EXAMPLE M 

4-(2 ,3-Dlchlorophenyl) -3-eth oxvcarbopvl-5-methoxvcarbopyl-6- 
methyl-2- £2-rN-(N'-phenYl-3ul phonyl)guaiildlnyl3 ethoxy aethv^ 
-1 , 4-dlhy dropyrldlne 

*-(2,3-Dichlorophepyl)-3-ethoxycarbopyl-2-[2-(N- 
guanidlno) ethoxymethyl] -S^thoxycarbonyl-e-methyl-l , 4- 
dihydropyridlpe (1.19 g) was added to 10% aqueous sodium 
hydroxide solution (40 ml), followed by bepzenesulphonyl chloride 
(0.9 g). The mixture was shaken vigorously for 15 minutes and 
stirred at room temperature for a further 1 hour. The resultant 
mixture- was extracted with diethyl ether (2 x 25 ml) and then 
methylene chloride (3 x 75 ml) . The combined methylene chloride 
liquors were dried (MgSO^) , filtered and evaporated and the 
residual yellow solid chromatographed on silica eluting with SOX 
by volume ethyl acetate in toluene. Crystallisation of the 
product from petroleum ether (b.p. 100-120»C) and ethyl acetate 
afforded the title compound, 0.19 g. m.p. 153-154'. Found: 

C,52.22; H.5.02; H.8.79. C^lVh^^J^ requires C.51.84; H.4.83j 
N,8.96Z. 

EXAMPLE 45 

4-(2-Chlorophenvl)-3- ethoxycarbonyl-5-methoxyearbonvl-2- f 2-{ (M- 

•methanesulph opyl)..N-methy1am1po]ethoxvmethy]j .6-methvl-l.A-d.-T,^^.^- 
pyridine 

Methanesulphonyl chloride (0.144 g) was added to a solution 
of 4-(2-chlorophenyl) -3-ethoxycarbonyl-5-methoxy carbopyl-6- 
methyl-2-t2-(methylamino)ethoxy methy5.1.4-dihydropyridipe (0.50 
g) apd triethylamine (0.126 g) in dichloromethane (15,:ml). The 
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ndxture was stirred at room temperature for 1 hour, poured Into 
ice-water and the layers separated. The organic layer was washed 
with water, dried CNa^SO^) and evaporated. Scratching the 
residual oil afforded a solid which was recrystallised from 
methanol to give the title compound (0.33 g). m.p. 93-95-C. 

Found: C.53.32; E.5.97; H.5.64. C^jH^gClM^O^S requires C.53.32; 

H,5.92; H.5.712. 

EXAMPLE 46 

4-f2-Chloror>'«"vl^-3-eth « ^^^^^°°^^-5-metho%Ycarhonyl-6-methyl-2- 
'^2-r (2-chlo-ro-5-PYridYl) sulphor «tn-i .^olethorvmethyl? -1,4- 

H-TTivdropyridine 

A solution of 2-(2-aminoethoxymethyl)-4-(2-chlorophenyl)-3- 

ethoxycarbonyl-5-metho^carbonyl-6-methyl-1.4-dil.ydropyridlne (409 
«g) and triethylamlne (202 mg) in dry dichloromethane (20 ml) was 
stirred under nitrogen and cooled in an ice-bath while a solution 
of 2-chloro-5-pyridinesulphonyl chloride (212 mg) in dry 
dichloromethane (10 ml) was added dropwise. The reaction mixture 
was allowed to warm to room temperature and stirring continued for 
a further 3 hours. The solvent was evaporated and the residue 
chromatographed on silica, eluting with dichloromethane. 
Appropriate fractions were combined and evaporated and the residue 
recrystallised from ethyl acetate to give the title compound (320 
mg). m.p. 140-140.5'C. Found: C.51.27; E.4.63; 11,7.25. 
C25H27CI2N3O7 requires C. 51.37; H,4.66; N,7.19Z. 
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EXAMPLES 47 - 53 
The following compounds were prepared following the general 
procedures described in Examples 45 or 46 starting with 

2- (2-amiaoeth«cymethyl)-4-(2-chlorophenyl or 2.3-dichlorophenyl)- 

3- ethoxycarbonyl-5-iiiethoxycarbonyl-6-inethyl-l,4-dihydropyridlne 
and the appropriate sulphonyl chloride. 
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Tg^CAMPLE 54 

^ot-V,^l-2 l2-r(^-f4,morT,holin^ -'^- r---'^l^«"l^^'-^"""°^^^^°^^ 

-1.4-dlh v«ii:Q pYTldlne 

A solution o£ 4-(2,3-dichlorophenyl)-3-etlioxycarl»onyl-5- 
„etho^carl,onyl-6-«ethyl-2-£2-[ (2-chloro-5-pyridyl) sulplxonan^do]- 
ethoxyiaethyli-1.4-diliydropyridine (200 «g) morpholine (2 ml) 
was heated on a steam hath for 6 hours. 

The reaction mixture was evaporated to dryness and the 
residue partitioned between dichloromethane and water. The 
organic layer was separated, washed with water, dried over 
anhydrous magnesium sulphate and evaporated to give an orange gum. 
Chromatography on silica eluting with dichloromethane followed by 
dichloromethane containing 2Z hy volume of methanol gave the title 
compound (125 mg) which was recrystallised from ethyl acetate. 
m.p. 172.5-173'C. Found: C,52.04; H.5.10; H.8.48. 
^29^4*^4^8 "l^"^ C.52.02; H.5.12; 11.8.37%. 

EXAMPLES 55 AND 56 
The following compounds were prepared in a similar manner to 
Example 54 but using cyclopenty limine or H-methylpipe^azlne. 
respectively instead of morpholine. 
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lo 



Example 
No. 






Analysis % 
(Theoretical In brackets) 
C H N 


55 


-<1 ■ 


180-182 


53.96 5.52 8.21 
(53.97 5.44 . 8.39) 


56 




172-174.5 


52.72 5.42 10.08 
(52.78 5.46 10.26) | 



EXAMPLE 57 

2- j^[4-(2-Chlorophe nyl) -3-ethoxy carbonvl-5-methoxvcarbonYl-6- 
methyl-1 . 4-dihydropy ridip-2-yl 1 methoxy ? ethy Isulphamlde 

A solution of 2-(2-aminoethoxy)methyl-4-(2-chlorophenyl)-3- 
ethoxycarbonyl-5-niethoxycarbonyl-6-iiiethyl-l,4-dihydropyridine 
(0.82 g) and sulphaoide (0.96 g) in dioxane (30 ml) was heated 
under reflux for 70 minutes and then evaporated. The residue was 
partitioned between ethyl acetate and water and the organic layer 
dried (NajSO^) and evaporated. The residue was triturated with 
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diethyl ether and the resulting soUd collected, washed with 
diethyl ether and dried to give the title compound (0.75 g). m. p. 
ISO-ISZ-C. Found: C.49.33; H,5.35; H.8.93. C^oH^gCUljO^S 
requires C,49.23; H,5.37; N,8.61Z. 

5 EXAMPLE 58 

2- ^ r 4- C2 . 3-D tchlorophenvl^ -3-ethox vcarbonyl-5-"^t:hMcvcarbonyl-6- 
met:h7l-1.4-dlhvdroPTrldln- 2-vninetho3cy| ethvlsulphamlde 

This compound was prepared as described above starting with 
the corresponding 4-(2,3-dichlorophenyl)dihydropyridine. m.p. 
lO 89-90'C. Found: C.45.57; H.4.89; N.7.86. C20E25CI2N3O7S 

requires C,45.98; H,4,79; N,8.04. 

Tg^AMPLE 59 

1»<2- ^[4-(2-Chlorophenyl)-3-ethoxycarbonyl-5-inetho3cy- 
carbonyl-6-methyl-l, 4-dihydropyridin-2-yl3methoxy2 ethy 1>-1- 
15 methyl sulphamide was prepared by the method described to Example 

57 from 4-(2-chlorophenyl)-3-ethoxycarbonyl-5-methoxycarbonyl- 
6-methyl- 2-[2-(H-methylamino)etho3cy]methyl-l,4-dihydropyridtoe. 
The product had m.p. 117-120'C. Found: C,50.66; H.5.69; N,S.22. 

C H-ftClN-O-S requires C,50.25; H,5.62; N,8.37%. 

2LX 28 3 7 
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EXAMPLE 60 

4- (2-Ch lorophenvl) -3-ethoxycarbony l-S-methoxycarbony l-S-me t hvl-2 - 
[ 2-(4-me thyl-l>plperazlnylsulphonylaiiilno) ethoxymethyl] -1 >4-dihydro 
- pyridine 

2-(2-Ainlnoethoryinet:hyl) -4-(2-chlorophenyl) -3-ethoxy- 
carbonyl-5-inethoxycarboiiyl-^-inethyl--l,4--dlhydropyrldlne (0.5 g) 
was dissolved In a mixture of chloroform (dried over alumina) (20 
ml) and triethylamlne (2 ml) and the mixture stirred at room 
temperature. 4-Methyl-l-piperazlnylsulphonyl chloride (0.25 g) 
was added in one portion and the mixture stirred at room 
temperature for 17 hours. After evaporation to dryness, the 
resultant oil was partitioned between 5Z aqueous sodium carbonate 
and methylene chloride. The organic layer was dried (MgSO^) , 
filtered and evaporated to give 0.3 g of a colourless oil, which 
was dissolved in diisopropyl ether (15 ml) and kept in a 
refrigerator for 14 days. The resultant crystals were collected 
by filtration to afford the title compound (0.1 g) . m.p. 

137-139^0. Found: 0,52.58; H.6.18; N,9.81Z. C^^H„C1W,0,S 

25 35 4 7 

requires C,53.03; H,6.14; N,9.20%. 

EXAMPLE 61 

4>(2-Chlorophenyl)-3->ethoxycarbon vl-2-r2->(2>furoylaminosulphonvl- 
amino ) ethoxymethyl] -S^- methoxvcarbonyl^e-^methvl^l , 4-dihvdropyri dine 

To a solution of 2-(2-aminoethoxymethyl)-4-(2-chloro- 
phenyl) -3-ethcxycarbony l-5-methoxycarbonyl-6-methy 1-1 . 4- 
dihydropyridine (0.5 g) in chloroform (dried over alumina) and 
triethylamlne (2 ml) was added 2-furoylsulphamoyl chloride in one 

<■ 
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portion and the mteture stirred at room temperature for 17 hours. 
After evaporation to dryness, the resultant oil was partitioned 
between 52 aqueous sodium bicarbonate and methylene chloride. The 
combined organic liquors were dried (MgSO^) . filtered and 
evaporated to give 0.35 g of solid which was crystallised from 
diisopropyl ether to give pure title compound (0.2 g) , m.p. 138-C. 
Found: C.51.30; E,5.23; N,7.41. C25H28ClK30gS requires C.51.59; 
H,4.85; N,7.22Z. 

EXAMPLE 62 

Tablets are compounded from the following ingredients: 

mg/ tablet 

Product of any one of Examples 10 
Dicalcium phosphate ^® 
Magnesium stearate -"-•^^ 



Sodium lauryl sulphate 



0.2 



EXAMPLE 63 

Capsules are compounded from the followdjig ingredients: 

m y>/ capsule 

Product of any one of Examples 10 
Maize starch 

Cellulose (microcrystalline) 127 

Magnesium stearate 5.4 

Sodium lauryl sulphate 0** 
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The ingredients are thoroughly blended, then filled into hard 

gelatine capsules of the appropriate size to contain the 
ingredients. 
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CLAIMS 



1. A 1,4-dihydropyridine compound having the fonnula: 




wherein R. is aryl or heteroaryl; 

and are each independently C^-<:^ aliyl or 

2-inetho3qrethyl; 
n is 2, 3 or 4; 

is H, C^-C^ alkyl. CH^CO^CCj^-C^ alkyl) or CH^CN; 
and is a group of the fomula: 



wherein X is O or S; 

r5 is Cj^-C^ alkyl. NH^. KH(Cj^-C^ alkyl) . NHCCj-C^ 
cydoalkyl). N(C^-C^ alkyl)^. NHCH^CO^ (C j^-C^ alkyl). 
HHCHjCOMH^, NHCH^COjH. SHCCH^)^!^^,. NH HH^, 
SHNHCO^CCj^-C^ alkyl), HH-aryl, HHCO-aryl, or a 
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heterocyclic. NH-heterocydic or NHCO-heterocycllc group 

or when is C(»b)R^, may be H or CF-; 
6 

R is H. CH. COjCC^-C^ alkyl), CO(C^-C^ alkyl), 
SO^CC^-C^ alkyl). SO^-aryl. SO^m^, SO^NCC^-c^ alky 1)2. 
NO^ or aryl; 

and »^ is HH^. NH(C^-C^ aUcyl), NHCO(C^-C^ alkyl). 

wherein m is 2 to 4 or 

a MH-Ketero(7clic group; 
and the pharmaceutically acceptable acid addition salts thereof. 

2. A compound according to claim 1. wherein R is "aryl" and 
"aryl" is phenyl substituted by one or two substituents selected . 
from nitro. halo. C^-c^ alkyl. c^-c^ alkoxy, hydroxy, 
trifluoromethyl. and cyano. or is 1- or 2-naphthyl; or wherein R 
is "heteroaryl" and "heteroaryl" is benzof uranyl; benzothienyl; 
pyridyl optionally substituted by methyl, thiomethyl. cyano or 
halo; qulnolyl; benzoxazolyl; benzthiazolyl; furyl; pyrlmidinyl; 
thiazolyl; 2.1.3-ben2«cadiazol-4-yl; 2,l,3-ben2thiadiazol-4-yl or 
thienyl optionally monosubstituted by halo or C^-C^ alkyl. 

3. A compound according to claim 2 wherein R is 
2-chlorophenyl or 2,3-dichlorophenyl. 

4. A compound according to any one of claims 1 to 3 wherein 
R Is CH^ and R^ is C^Hg. 

5. A compound according to any one of claims 1 to 4 wherein 
n is 2. 

6. A compound according to any one of claims 1 to 5 wherein 
R^ is H or CH3. 
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7. A compound according to any one of clal»s 1 to 6 wherein 
18 C0r5 where is H. NHCH3. NHCH^CONH^ or 2-pyridon-5-yl; 
CSr5 where is NH^; C(-«rSr' where is CH and R^ is NHCH3; 
or SO^R^ where R^ is HH^. NHCH3. UH-cydopentyl. 2-thienyl. 
8-qalnolyl. or 2-(A-methylpiperazlii-l-yl)pyrld-5-yl. 

8. A pharmaceutical composition comprising a compound of 
the formula (t) as claimed 1» any one of the preceding claims, or 
a pharmaceutically acceptable acid addition salt thereof, together 
with a pharmaceutically acceptable diluent or carrier. 

9. A compound of the formula (1) as claimed is. any one of 
claims 1 to 7. or a pharmaceutically acceptable acid addition salt 
thereof, for use in the treatment of cardiovascular conditions, 
including use In the prevention or treatment of cardiac 
conditions, or use as an antihypertensive, in maa. 
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. CLAIMS FOR THE CONTR AC TING STATE: AT 

1. A process for preparing a l»A-dlhydropyrldine compound 
having the formula: 




wherein R is aryl or heteroaryl; 
1 2 

R and R are each Independently C^-C^ alkyl or 
2— methoxy ethy 1 ; 
n is 2. 3 or 4; 

R^ Is H, Cj^-C^ alkyl. CH^CO^CC^-C^ alkyl) or CH^CN; 
and R Is a group of the formula: 




wherein X is 0 or S; 

R^ is C^-C^ alkyl, NE^, NH(C^-C^ alkyl), NRCC^-Cg 
cycloalkyl), N(C^-C^ alkyl) 2, NHCH^CO^ (C^-C^ alkyl), 
NHCH^CONH^. NHCH^CO^B, ^(^2)2^^2* ^ ^2' 
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KHNHCO^(C^-C, allq,!). NH-aryl. NHCO-aryl. or a 

heterocyclic. NH-beterocycUc or NHCO-heterocydlc group 

or vHen r'' is C(=0)r5. R^ tnay be H or CF3; 

r6 H. CN. CO^(C^-C, alkyl) . CO(C^-C^ alicyl), 

SO (C^-C^ allqrl). SO^-aryl. SO^NH,. SO^HCC^-C^ alkyl) 2- 



NO^ aryl; 



and 



is HH,. NH(C^-C^ alkyl). NHCOCVC, alkyl). 
KH(CH2)^«(C,-C, alkyl)^ wherein m is 2 ro A or 
a KH-beterocydic group; 
... ,H«~=e«lc.lly .Old .«ltion «l.s thereof, 

which process comprises 

(a) reacting an amine of the formula: 




— (ri) 



Wherein K. K^ R^ » are .s prevlouel, defied with 

pores.!.. c,e.ere or »lth .n i.oc,.»« or i»thIoc,e»r. ot the 

£oTmula: 
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wherein X Is 0 or. S and is C^-C^ lower alkyl. C^-C^ cycloalkyl, 
CHjCOjCCj^-C^ alkyl), aryl, CO-aryl, or a heterocyclic or 
CO-heterocydlc group, respectively, to give those compounds of 
the formula (I) wherein R* is C(=X)R^. X Is 0 or S and R^ is NH2, 
NH(Cj-C^ alkyl), NHCC^-C^ cycloalkyl), NHCH^COj (C ^-C^ alkyl). NH- 
aryl, NHCO-aryl or a HH-heterocyclic or NHCO-heterocydic group, 
and in the case where R^ is HHCH2CO2 (C^-C^ alkyl) reacting with 
concentrated ammonia to give the compounds where R^ is NHCE2CONH2 
or hydrolyslng with dilute alkali to give the compounds where R^ 
is NHCH2CO2H; 

(b) reacting an amine of formula (II) wherein R, R^, R^, r3 
and n are as previously defined with thiophosgene and reacting the 

resulting isothiocyanate with anmonia or with a (C -C )- 

1 A 

alkylamine, (C3-Cg)-cycloalkylamlne or di(Cj-C^)-alkylamine to 
give those compounds of formula (I) where R* is -C(=S)R^ and R^ is 
NHj, NH(Cj-C^ alkyl), MH (63-0^ cycloalkyl) or U(C^-C^ alky 1)2, 
respectively; 

(c) reacting an amine of formula (II) wherein R, R^, R^, R^ 
and n are as previously defined with N,N'-carbonyldiimida2ole and 
reacting the resulting Imidazolylcarbonyl derivative with a 
compound of the fonnula NH2CH2CONH2, NH2CH2CH2NH2, 

NHg-heterocydic. NH2NH2 or NH2NHCO2CH2CH3 to give those compounds 
of formula (I) where R^ is -C(=0)R^ and is NHCH2CONH , 
NHCH2CH2NH2. NH-heterocydic, NHNHj or NHNHCO2CH2CH3 , 
respectively; 
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12 3 

(d) reaccing an amine of formula (II) wherein R, R , R . R 

9 

and n are as previously defined vith an acid of formula R CO^H, or 
vith an anhydride, acid chloride or activated derivative thereof 
wherein is H, CF3. C^^-C^ alkyl or a heterocyclic group to give 
those compounds of formula (I) wherein R* is C(=X)r5. X is O and 

R^ is H, CF , C,-C. alkyl or a heterocyclic group, respectively; 

^ 12 3 

(e) reacting an amine of formula (II) wherein R. R t R t R 

and n are as previously defined with a compound of the formula: 



y. N-R^ 



herein R^ is as previously defined and R^° is SCH3, NH^ or 
NHCO(Cj^-C^ alkyl) and. In the case where R^° is SCH3. reacting the 
product with a (Cj^-C^)allcylamine. dialkylamino-alkylamlne of 
formula NH2^^^2^m^^^l"^4 alkyD^jwhere m is 2 to A or a 
heterocyclic amine to give those compounds of the formula (I) 
wherein R* is C(-NR^)R^. R^ is as previously defined and R is 
NHj. MHC0(C3^-C^ alkyl). NHCC^-C^ alkyl), 11H(CH^)„N(C3^-C^ alkyl)^ 
where m is 2 to 4 or a HH-heterocyclic group, respectively; and in 

the case where is H. reacting with a C^-C^ alkyl or 

_6 . 

aryl-sulphonyl halide to give those compounds where R is 
»^(C^-C^ allqrl) or SO^aryl; or 



SO 
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(f) reacting an amine of the fornula (II) wherein R. r1. r2^ 
and n are as previously defined vith sulphan.ide or a sulphonyl' 
chloride of the formula: 



,3 



ClSOjR^^ 



U c,-C, allcyl. HB(C,-C, HHtC^-C, c,cl„,l.,l, . 

mc^-C^ .Ikyljj,. HH-.ryl, KHCO-aryl or a heterocyclic, KB 
h«.rocycl*c or NHCO-fcerorocyclic ^,„p to .k. co„po™.as of 

for™.!, (X> «Herei„ s«,,5 ^ ^5 ^^^^^^ 



and. in each of processes (a) to (f). optionally forming a 
Pharmaceutically acceptable salt of the product. 

2. A process according to claim 1. wherein R is "aryl" and 
"aryl" is phenyl substituted by one or two substltuents selected 
from nitro. halo, C,-C, al.yl. c^.c^ .^.^^^^ 
trifluoromethyl and cyano. or is 1- or 2-naphthyl; or wherein R 
is "heteroaryl" and "heteroaryl" is benzofuranyl; benzothienyl; 
pyridyl optionally substituted by methyl, thiomethyl. cyano or 
halo; ,ui„olyl; beneoxazolyl; ben.thiazolyl; f.^X; pyrimidinyl; 

thiazolyl; 2.1,3-ben2oxadiazol-4-yi. 2 7 ^ ^ . 

oj- '* y-L, 2,l,3_ben2thiadiazol-4-yi or 

thienyl optionally monosubstituted by halo or C^-c^ alkyl. 

3. A process according to claim 2 wherein R is 
2-chlorophenyl or 2.3-dichlorophenyl. 

4. A process according to claim 3 wherein R^ is CH, and R^ 



is C^H^. 
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5. A process according co any one of claims 1 to 4 wherein 
o. is 2. 

6. A process according to any one of claims 1 to 5 wherein 
is H or CHj. 

7. A process according to any one of claims 1 to 6 wherein 
is COR^ where R^ is H. NHCH3. NHCH^CONH^ or 2-pyridon-5-yl; 

CSr5 where R^ is NH^; C(-HrSr' where R^ is CN and is NHCH3; 
or SOjR^ where R^ is m^, HHCH3, UH-cydopentyl. 2-thienyl. 
8-quinolyl, or 2-(4-methylpiperazin-l-yl)pyrid-5-yl. 
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(S) Dihydropyridine anti-ischaemic and antihypertensive agents. 

® 1,4.Dihydropyridine derivatives of the formula:- alkyl), SO^-aryl, SOzNH,, SOpNIC-C^ alkyl),, NO2 or aryl; and 

2 R' is NH(Ci-C^alkyl), NHCO(C,-C^ alkyi), NHCCHjj^NfC,- 

coc» C4 alkyDs wherein m is 2 to 4 or a NH-heterocyclic group: and 

^ their pharmaceutically acceptable acid addition salts, and 

R pharmaceutical preparation containing such compounds, 

CB -o-(CH^) -N^ - have utility as anti-ischaemic and antihypertensive agents. 

2 2 n \j^3 

wherein R is aryl or heteroaryl; R'' and R^ are each 0,-0^ alkyi 
or 2-methoxYethyl; n is 2, 3 or 4; R^ is H, C-C* alky I. 
CH?C02(Ct-C4 alkyl) or CHjCN; and R* is a group of the for- 
mula COR^ CSR'", C(=NR®)R' or S02R^ wherein R^ is C-C^ 
alkyl. NHj, NHCC-C* alkyI), NHCCa-Cg cycloalkyl), NCC-C^ 
alky!),. NHCH,C02(C,-C4 alkyl), NHCHjCONHj, NHCH2CO2H, 
NH(CH,)3NH,, NHNHj. NHNHCOjCCi-Ca alkyl). NH-aryl. 
NHCO-aryl or a heterocyclic, NH-heterocyclic or NHCO- 
heterocyclic group, or when R^ is C(=0)R*, R^ may be H or 
CF3: R* is H, CN, CO,<C,-C4 alkyl), COId-C^ alkyl), S02(Ci-C4 
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